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Traumatic injuries involving the proximal upper
extremity may cause severe damage to major vessels
and nerves. Physical findings may include total limb
paralysis, ischemia, hemorrhage, or any combination
of these. Controversy over the optimal management
of severe injuries revolves around two basic
approaches. One involves aggressive treatment
directed at limb salvage and restoration of intrinsic
function, whereas the other proposes more conserv-
ative measures, such as control of hemorrhage and
little if any attempt to repair nerves, because of the
belief that ultimately these are functionless extremi-
ties. In addition, with very severe injuries early
amputation may be advocated. Proponents of the
latter approach point to the historically poor results
of nerve repairs and argue that modern prosthetics
may provide a better ultimate solution for many of
these patients.1-5 Reports on combined injuries have
placed little emphasis on treatment of nerve injuries.
Most of the information related to the neural com-
ponent lacks details and provides limited follow-up.
This retrospective study was undertaken to eval-
uate the long-term results of limb disability in
patients treated with early vascular repair and indi-
vidualized treatment of nerve injuries.
MATERIALS AND METHODS
A retrospective review of 46 patients with various
mechanisms of traumatic injury involving the upper
extremity was conducted. Patients were selected
based on the presence of concomitant traumatic
injury of the brachial plexus and one or more vessels
of the upper extremity or ipsilateral neck. Patients
with at least 1 year of follow-up were included.
Chart information recorded included mechanism of
injury, initial vascular and neurologic findings, initial
management of injuries, surgical procedures per-
formed, duration of follow-up, ultimate patency
data of vascular repairs, and ultimate limb function.
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A precise definition of vascular and neural patholog-
ic characteristics was sought in all cases. Blood vessel
injuries were defined as transections (partial or com-
plete), avulsions, or intimal injuries. Neural injuries
were classified as neuropraxic, which do not require
regrowth of axons and by definition resolve sponta-
neously; as “in continuity” lesions, which do require
regrowth of axons and, dependent on the extent of
damage, may or may not resolve spontaneously; or
as gross nerve disruptions.
Initial management of vascular and nerve injuries
was at the discretion of the attending physician.
After patients recovered from initial overall trauma,
neural deficits were closely followed for a variable
period. If no signs of recovery were seen or if only a
partial recovery occurred and the deficits were
thought to be potentially reversible (i.e., not avul-
sions at spinal cord level), an exploration of the
brachial plexus and extradural roots was performed.
The interval between injury and nerve repair was
dependent on the type of injury and the time of
referral.
Vascular injuries were managed with primary
repair, interposition grafting (with saphenous vein in
all but one case), bypass grafting, and simple liga-
tion. One patient who had an intimal injury was
managed without operation. Indications for neuro-
surgical intervention were the presence of a poten-
tially reversible injury in at least a portion of the
plexus that was unlikely to recover spontaneously.
This assessment was made by expert and repeat clin-
ical examination supplemented with both preopera-
tive studies (myelography, electromyography) and
intraoperative studies (measurement of nerve action
potential conduction). Clinical examination along
with electromyographic studies were used before the
operation to exclude patients with spontaneously
regenerating nerves, which do well without surgery,
whereas myelography was used to avoid surgery on
patients who had irreparable damage (multilevel
spinal nerve avulsions). During nerve exploration,
nerve action potential conduction was measured on
“in continuity” injuries. Nonconducting segments
were debrided to normal-appearing neurofascicles
and on a few occasions repaired end to end, but usu-
ally these required segmental grafting. “In continu-
ity” injuries that did conduct nerve action potentials
were left undisturbed. This approach to brachial
plexus injuries has been previously described by one
of the authors, Kline.6
Objective assessment of neurologic deficits was
obtained using a functional disability scoring system
developed by the Committee on Physical
Impairment of the American Medical Association
(AMA).7 Disability can be defined specifically for a
particular body part (e.g., upper extremity) or as the
total disability of the patient. Similarly, specific
motor or specific sensory disability can be quanti-
fied; in this study we used values for upper extremi-
ty motor function. Motor function alone was chosen
because it is more objective than sensory evaluations
and because sensory evaluations were frequently
incomplete. In this system, each major nerve and its
corresponding muscle or muscle group is assigned a
maximum impairment value, which is constant from
patient to patient. A standard 5-point grading scale
of muscular strength is used to grade each
nerve/muscle or muscle group. These scores (0 to
5) correspond to a percent impairment specific to
the injured nerve and patient being assessed.7 This
specific value is then multiplied by the maximum
impairment value, and in cases in which deficits are
caused by a single nerve and its effector muscle(s),
the product of this equation is the total limb disabil-
ity score. If multiple deficits are present, values are
combined using a combined values chart to obtain
the total limb disability. One hundred percent repre-
sents total limb disability. These scores were used as
a basis to evaluate efficacy of treatment. The time
chosen for initial disability was the first thorough
neurologic evaluation, and final disability was deter-
mined at the last follow-up visit.
Statistical analysis between mean initial disability
and mean final disability was by Fischer’s exact test.
Analysis between subgroups used an analysis of vari-
ance method with Dynamic software (BMDP
Statistical Software, Los Angeles, Calif.). Statistical
significance was assumed at p level less than 0.05.
RESULTS
The study group consisted of 40 men and six
women with a mean age of 27 years (range, 7 to 72
years). All injuries were unilateral. The mechanism
of injury was blunt trauma in 18 patients (39%),
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Table I. Specific vascular injury and number of
patients with each
Injured vessel No.
Axillary artery 19
Subclavian artery 18
Brachial artery 5
Jugular vein 3
Carotid artery 1
gunshot wound in 17 (37%), laceration in seven
(15%), and shotgun wound in four (9%). Eighteen
patients (39%) had associated injuries; in most cases
these were orthopedic.
Vascular findings at presentation included altered
pulses in 38 patients (83%). This included 34
patients with absent pulses and four with decreased
pulses. A flail arm (total absence of motor activity
distal to and including the shoulder girdle) was pre-
sent in 22 patients (48%). The remaining neurolog-
ic findings involved loss of major limb motor func-
tions such as abduction, adduction, flexion and
extension of the shoulder, brachium, forearm, wrist,
and hand intrinsics. Typically more than one of these
functions were affected.
Urgent vascular exploration was undertaken in
44 patients (96%). One intimal flap injury was man-
aged without operation, and one iatrogenic
pseudoaneurysm that resulted from an axillary nee-
dle stick presented in a delayed manner; arterial
repair and nerve exploration were performed at that
time. Angiograms were obtained for 33 patients
(72%) at the time of initial presentation.
Vascular injuries were arterial in 43 patients
(93%) and venous in three patients (7%; Table I).
The subclavian or axillary artery was involved in 86%
of arterial injuries (37 patients). Injuries ranged
from intimal to complete transections/avulsion.
Vascular procedures for arterial injuries included 25
interposition or bypass grafts and 17 primary repairs.
One was managed without operation. All three
patients who had isolated venous injuries underwent
surgery because of severe bleeding. The jugular vein
injuries were primarily repaired (two patients) or 
ligated (one patient).
The mean limb disability score after initial recov-
ery from overall injuries was 83% (range, 35% to
100% [100% being total limb disability]). This score
grossly correlates with some shoulder girdle func-
tion and an abduction deltoid contraction score of 2
out of 5. Other than cosmetic effect, this score
implies little use of the limb. Blunt injuries were
associated with more severe disability than penetrat-
ing injuries (93% vs 76%; p < 0.05).
Forty-three patients (93%) underwent delayed
nerve exploration. One patient came to us in a
delayed manner and was explored at that time. The
mean time from injury to delayed nerve exploration
was 118 days (range, 30 to 358 days). Nerve repairs
involved nerve grafts only in 29 patients, end-to-end
repair only in four, and a combination of these in
three. Six patients underwent neurolysis only, and
two patients were found to have inoperable injuries
as a result of extensive nerve root avulsions at the
spinal cord level despite negative myelogram results.
Two of the patients who underwent delayed explo-
ration had undergone previous primary repair of
nerve injuries at the time of initial exploration else-
where. Findings in these two cases at delayed explo-
ration were neuromatous degeneration in one and
anastomosis to the wrong distal nerve in the other.
Two patients did not require nerve exploration. One
of these made a complete recovery and therefore did
not need exploration, whereas the other improved
from an initial limb disability score of 68% to 32%
over a period of 3 months, with an ultimate disabil-
ity score of 15%.
All nerve injuries involved the brachial plexus or
its terminal components. Four patients had multiple
levels of the brachial plexus involved. Improvement
by level of most proximal injury is shown in Table II.
All subgroups except spinal cord–level root avulsions
showed significant improvement (Table II). Patients
who had blunt injury improved significantly but not
to the extent of those who had penetrating trauma
(postrepair mean disability score, 68% vs 41%; p <
0.05).
Most patients (36 of 44) had a combination of
neuropraxic, “in continuity,” and disruptive injuries,
except for eight patients who had neuropraxias only.
Precise definition of extent and location of nerve
injury was determined at the time of nerve explo-
ration. Two patients did not have nerve surgery. In
no case could neuropraxic injuries be differentiated
from the more severe “in continuity” lesions at the
time of presentation or during the initial vascular
exploration. In some cases the original operative
reports did describe “avulsed” or “disrupted”
nerves, but a precise definition of which nerve or the
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Table II. Nerve injuries grouped according 
to the level of brachial plexus injured
Average disability score
Level of injury (n*) Initial Final Significance†
Postganglionic
Spinal nerve avulsions (7) 100 93 NS
Preganglionic
Root (6) 96 57 p < 0.01
Trunk (4) 57 21 p < 0.01
Cord (17) 86 48 p < 0.01
Nerve (10) 73 46 p < 0.01
*44 operatively explored nerve injuries.
†Analysis of variance.
relative location of the injury was absent.
The primary patency rate of arterial grafts was
88%. In the cases of isolated venous injury, no symp-
toms related to the vascular injury were seen in fol-
low-up. Six patients underwent repeat vascular pro-
cedures. Four graft occlusions were revised at the
time of brachial plexus exploration. Two patients
who had graft stenosis underwent revisions of prior
vascular repairs, one concomitant with nerve explo-
ration and the other on postoperative day 1 after
delayed nerve exploration. This second patient was
thought to have adequate collateral vessels and was
thought not to need a revision, but during nerve
exploration several of these collateral vessels were
ligated, and as a result postoperative ischemia devel-
oped, requiring carotid-to-brachial bypass grafting
with saphenous vein.
Two patients have chronic pain disorders. One is
managed with oral analgesics; the other underwent a
cervical sympathectomy with mild improvement.
One patient had an eventual above-elbow amputa-
tion as a result of nonfunction.
The mean duration of follow-up was 43 months.
Objective improvement occurred in 40 of 46
patients (87%) based on the physical impairment
scale. The score improved from an initial mean of
83% to a final mean of 52%. This was a statistically
significant improvement (p < 0.01). Limb functions
with a disability of 52% include stabilizing functions,
gross manipulations, and a light load capacity. Only
a few patients regained fine hand movements.
DISCUSSION
General and vascular surgeons are involved early
in the care of patients who have combined vascular
and neural injuries and, along with orthopedic sur-
geons, are responsible for decisions regarding limb
salvage or amputation. Control and repair of associ-
ated vascular injuries is usually straightforward, but
concomitant severe nerve injuries force the surgeon
to consider whether efforts at revascularization,
repair of bony injuries, prolonged rehabilitation, and
possibly even extensive future operations are worth
eventual disappointment as a result of an irreversible
nerve injury. Past disappointments, along with
advances in prosthetic technology, may influence
these decisions. In this study, we evaluated a group
of these patients to critically examine outcomes asso-
ciated with this type of injury.
The most modern upper limb prosthetics use
sensors placed over muscles of the upper back, chest,
shoulder, or amputation stump to detect contrac-
tions of these muscles and trigger various functions.
Through biofeedback training, voluntary contrac-
tions can be used to perform necessary tasks. These
new devices are not without problems, however.
Frequent patient complaints include the time delay
required to convert muscular contraction to
mechanical activity, noisy gears, poor stereognostic
properties, and cost. Advanced-function prosthetics
cost a minimum of $35,000 initially, and future
costs include repairs, replacement parts, and poten-
tial upgrades. Amputees may also require more than
one device, depending on their range of activities. In
addition, when the actual users of these devices are
observed during daily activities, the majority use
them selectively or solely for cosmesis.8-10 The
thought and energy input required to execute vari-
ous maneuvers are quickly learned by the contralat-
eral normal hand.
The needs served by these devices in activities of
daily living are similar to needs served by the limb of
a similarly injured patient managed as described in
this study. This does assume that improvement
occurs, but, as seen in this study, most patients do
improve significantly with this approach. The limb
function available to an individual with an AMA
limb disability score of 50% is similar to the task per-
formed by above-elbow prosthetic users in day-to-
day activity.10 These include “fixing” or supporting
objects (e.g., purse, dinner plate) while the con-
tralateral hand performs more precise maneuvers.
The subgroup of patients with multilevel nerve
avulsions of the spinal cord level do poorly and
probably would be better served by amputation.
Initial identification of these individuals, however, is
difficult. Patients with these injuries typically have
major vascular injuries and usually major orthopedic
injuries, as well. As seen in this study, accurate prog-
nosis and optimal treatment require a thorough neu-
rologic evaluation including meticulous nerve explo-
ration. A careful identification of these neural
injuries could theoretically be done along with other
early treatment, but this would add to the operative
time and may not be practical when there are multi-
system injuries. Even with this approach, however,
most injuries produce “in continuity” lesions, mak-
ing ultimate outcome impossible to determine at
acute exploration. Additional factors that complicate
categorization and prognosis involve the immense
variety of patterns of injury level(s), degree of avul-
sion, and the varying lengths of injury.11 With
plexus injuries caused by stretch, it is very difficult to
gain other than shoulder and upper arm function.
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Despite the therapeutic limitations for neural
injuries at the time of initial exploration, there are
steps that the vascular surgeon can take to facilitate
further repairs and prevent iatrogenic injuries.12
Meticulous technique, gentle retraction, and thor-
ough knowledge of brachial plexus anatomy are req-
uisites for dealing with vascular injuries in this
region. Transected nerves should be sutured to near-
by fascia with epineural sutures to preserve length if
primary repair is not an option. Except for sharp
injuries, nerve repair should be delayed by 2 to 3
months to allow healing of vascular anastomosis and
demarcation of nerve injuries. Early neurosurgical
involvement is desirable in all cases. When this is not
possible, careful documentation and communication
will facilitate future nerve repair and prevent distur-
bance of vascular repairs or ligation of important
collateral vessels in cases of main vessel occlusion.
Several factors probably contributed to our
lower-than-expected patency rate of arterial repairs.
The urgency of traumatic injuries and the difficult
anatomic location in this patient group probably led
to a higher technical error rate. In addition, blunt
and blast injuries may cause broader damage than
initially appreciated, leading to eventual graft failure.
Psychologic aspects of upper extremity amputa-
tion can be significant. Long-term follow-up of vet-
erans with upper limb amputations has shown a
higher rate of suicide,13 and anecdotal evidence sup-
ports a better “self-image” in patients with severe
injuries who did not undergo amputation. This is
evidenced by the fact that many wear a prosthesis for
cosmesis only and not for function.
The disability that follows long-term recovery is
typically a result of loss of hand function. In this
group of patients, hand function overall was poor.
Attempts at restoring function to previous levels are
complicated by the slow growth of regenerating
axons and the long distances that they must travel.
Other factors include progressive irreversible degen-
eration of the denervated motor end plate14,15 and
complex innervation patterns in the hand14,15 as
opposed to the large muscles of the shoulder, upper
arm, and forearm. Despite poor hand function, the
majority of these patients are able to use the injured
limb in their activities of daily living. This use is typ-
ically better and more natural than a prosthesis, and
functional improvement may be seen for years.
CONCLUSION
This study demonstrates that in most cases early
amputations should not be performed unless there is
an accurate visualization of extensive nerve avulsions
at the level of the spinal cord. Amputation may also
be necessary if there is massive soft tissue destruction
or if an attempt at salvaging the limb would threat-
en the life of the patient. Accurate prediction of out-
comes cannot be made by noninvasive means. The
results of aggressive efforts at limb salvage provide
functional results comparable to modern prosthetics.
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DISCUSSION
graphic myelography or magnetic resonance neurogra-
phy, to make this determination? Are there any other
patient subgroups, for example, those with multilevel
nerve injuries, in which the likelihood of functional
recovery is equivalently dismal?
Third, what is the role of the peripheral neurosurgeon
in all of this? Should that individual be involved right at
the start, at the initial exploration, once it’s clear that a
complex neurovascular injury has occurred? Or is he or
she selectively involved later when it becomes clear that
“in continuity” or disruptive neural injuries are present?
Finally, in our experience at Harborview Medical
Center in Seattle, most of these patients’ late problems
really relate to pain, not just disability. In our experience,
as well as yours, a prosthesis or the extremity is rarely used
because the contralateral uninjured limb takes over. Why
not just amputate these injured, useless, painful limbs as an
end in itself?
Dr. Jeffrey D. Manord. Thank you, Dr. Johansen.
Regarding the first question of when the initial disability
score was obtained, it varied from patient to patient. If
there was interval improvement, the most recent score was
used for comparison; however, the initial scores did not
differ significantly from scores obtained just before
delayed nerve exploration. So these results do reflect a
true change.
The second question, when imaging studies should be
done to rule out preganglionic lesions: these should be
done before delayed nerve exploration is performed.
Regarding involvement of the neurosurgeon, this
depends on availability. In many of our patients neurosur-
geons were not immediately available, but ideally the neu-
rosurgeon should be involved early to evaluate the injury
and develop a treatment plan.
Regarding pain syndromes, the pain associated with
these injuries will not be relieved by amputation. These
syndromes are caused by damage at the dorsal entry zone,
and a spinal cord ablative procedure or dorsal sympathec-
tomy is required.
Dr. Malcolm O. Perry (Dallas, Tex.). From a recent
review at Parkland Hospital in Dallas, we arrived at the
same conclusions. I have one observation and one ques-
tion for you.
It would appear from our experience, and from yours
too, I gather, that the mangled extremity scores are not
very useful when applied to the upper extremity, as we
have used them in the lower extremity, and perhaps we
should reserve those for lower extremity evaluations.
It had been my experience and my practice over the
years to try to maintain length in the nerve repairs. In a
clean wound, I would like to approximate the nerves and
maintain that length even though a definitive repair might
not be possible. Grafting, of course, gives the conduit for
the nerves to grow back. But if one can maintain length by
Dr. Kaj H. Johansen (Seattle, Wash.). Blunt or pen-
etrating injuries to the brachial plexus, with or without
associated vascular trauma, can have devastating effects on
subsequent upper extremity function. Witness the fact that
among 46 patients with combined injuries to the brachial
plexus and the axillosubclavian vessels reviewed by Dr.
Manord, disability by the AMA grading scale was still at
52% at a follow-up of 43 months. At best, as Dr. Manord
has demonstrated, this includes some stabilizing function,
retained shoulder girdle and gross arm motion, and mild
antigravity lifting capability. Few patients had regained
fine motor function in the hand, and many with more
severe or multilevel brachial plexus injuries were likely left
with a chronically painful, insensate, flail arm. Not surpris-
ingly, early above-elbow amputation and prosthetic fitting
have been proposed as the best (or perhaps better stated,
least bad) option in these devastated patients.
This very nicely presented paper, based on a retro-
spective review of a series of patients managed aggres-
sively by Dr. Money’s group in concert with neurosur-
geon David Kline, appears to suggest that such a
Draconian posture—amputate early, rehabilitate later—
may not be optimal. They suggest that functional recov-
ery attending aggressive limb salvage and, where war-
ranted, brachial plexus nerve reconstruction, may result
in significant improvement perhaps to functional levels as
satisfactory as those obtainable with the use of upper
extremity prostheses.
The conclusions of Dr.Manord and his coauthors—
that except for clear evidence for nerve root avulsion from
the spinal cord, early amputation should not be performed
and an aggressive neural reconstructive approach be
adopted instead—are indeed persuasive, and Dr. Manord’s
responses to several other points might in fact make them
compelling.
First, the initial disability evaluation against which the
later apparent improvement was compared, was per-
formed, according to the manuscript, approximately 1
week after the injury. In many of these patients the mag-
nitude of the original injury and the recent operative inter-
vention that they have undergone could potentially have
made motor, sensory, and reflex function not evaluable.
That is, their apparent disability, might in part have been
caused by postoperative pain, swelling, and even dressings
and splints rather than to intrinsic neurologic damage. Dr.
Manord, if the initial disability assessment had been, say, 4
weeks after the operation, well after Wallerian nerve
degeneration would have started but well before reinner-
vation was occurring, would it have still averaged 83%?
Second, the authors concede that injuries associated
with avulsed nerve roots will predictably result in a flail
extremity, and early amputation is probably warranted in
this subgroup. How soon should patients undergo
appropriate imaging, for example, computed tomo-
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tagging them with sutures in the epineuron and hold it
there in place, not only is the subsequent exploration and
repair better, it’s much easier and more effective.
Dr. Manord. You are absolutely right, the upper and
lower extremities are very different regarding long-term
function after severe trauma. There are two scoring sys-
tems for extremity injuries, the mangled extremity severi-
ty score, which was developed by Dr. Johansen and applies
specifically to lower extremities, and the mangled extrem-
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ity syndrome index, which was designed to apply to upper
and lower extremity trauma. We agree with you, however,
that lower extremity criteria should not be applied to the
upper extremity.
Your point on maintaining nerve length is absolutely
correct. An epineural suture attaching the severed nerve to
adjacent fascia will preserve length and aid in the eventual
nerve repair.
